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The phenomenon of hysteresis in the magnetization reversal process is a fundamental aspect in magnetism. Its occurrence is easily understood as the magnetic system undergoes a first order phase transition at which it has a multitude of metastable states [1] . Therefore, the system can easily be driven out of its equilibrium groundstate and a magnetization hysteresis is observed upon cycling the applied field. A detailed quantitative understanding of this phenomenon, however, is still missing, primarily due to the fact that all length scales from atomic to even macroscopic dimensions are almost equally important. This fundamental challenge has limited the progress in the past to the development of , phenomenological models only.
The recent use of computer simulations as well as the application of Renormalization Group (RG) methods to non-equilibrium phenomena has opened up a new chapter in this field and substantial progress has been made [2] [3] [4] [5] [6] . In particular, these novel theoretical approaches have been successfully applied to the description of Barkhausen jumps, i. e. magnetization avalanches, and very good agreement between theoretical predictions and experimental results has been reported [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . However, there is substantial disagreement in the literature on a more fundamental level, namely about the existence of criticality. Based on the various models, some argue that the Barkhausen jump distribution exhibits self-organized criticality (SOC) [7, [11] [12] [13] , whereas others claim the absence of criticality or conventional critical behavior [2-6, 9, 18] . In particuku, Sethna and coworkers argue for the existence of an ordinary critical point upon fine-tuning of the disorder in the random-field Ising model (RFIM) [2] [3] [4] [5] [6] . Their studies suggest that the hysteresis loop itself can become critical and undergo a non-equilibrium second order phase transition from a M(H)-loop exhibiting a discontinuity, i.e. a macroscopic Barkhausen jump, to a curve with a smoothly varying M(H) -dependence upon continuous variation of the magnetic disorder.
This fundamental difference in the magnetization reversal behavior can be seen in figure 1.
The upper curve displays an M(H)-loop with an almost fully synchronized magnetization switch in the entire sample, which occurs for disorder parameter values R smaller than the critical disorder~. In contrast, the M(H)-dependence for RC> R shows a very smooth and gradual magnetization reversal, which indicates a very limited spatial correlation of the reversal process. Details of the calculated results have been published elsewhere [2] [3] [4] [5] [6] .
Within the RFIM, the Barkhausen jump distribution exhibits scaling up to the length scale of the system size only near the critical point. This excludes the possibility of SOC, where the system is critical independent of external parameters.
The discrepancies between the various theoretical models at this very fundamental level, namely the existence of criticality, make the necessity for experimental studies obvious. Only a comparison between experimental data and the different theoretical models will allow an evaluation of their relevn~e for real material systems. SO fm, however, experimental work in this field has been rather limited due to the fact, that it is veq difficult to continuously and independently tune the magnetic disorder level of materials. Only recently we have been able to observe the predicted critical point experimentally [19, 20] .
Thus, a crucial link between theory and experiment has been established, which will provide a sound experimental base for the validity of the recently developed hysteresis models.
In this paper, we report the experimental observation of disorder driven hysteresisloop criticality for an exchange coupled Co/CoO-bilayer structure. This particular material system, in which a ferromagnetic Co film is in contact with an antiferromagnetic COO overlayer, was chosen for two reasons. First, the thin fti geometry with in-plane orientation of the magnetization suppresses the influence of dipolar effects. This is important, because true criticality should only be observable in the limit of vanishing demagnetizing fields [13] .
Secondly, the exchange coupled antiferromagnetic (AFM) CoO-layer allows the reversible tuning of the effective magnetic disorder by varying the temperature in the vicinity of the COONeel temperature TN.This tunability enables a detailed study of the critical region, in contrast to earlier experimental studies on the annealing temperature dependence of hysteresis loop properties for epitaxial Gal-films [20] . Even though a 20 nm thick film" constitutes a system with almost pure three dimensional (3D) thermodynamic behavior [21], our films are two dimensional (2D) with respect to the non-equilibrium phenomena investigated here. This can be understood in the following way. A lower limit for the elemental unit, that can independently switch in a magnetic field without alteration of the magnetic state in adjacent material, is given by the domain wall width, which is approximately 50 nm for our Co-films [22] . Such elemental units are the building blocks, the "atoms" of the reversal mechanism and as such zero-dimensional entities. So, a 20 nm film has the thickness of only one elemental building block and is therefore a 2D entity.
The Co/CoO samples were prepared by de-magnetron sputtering. A 20 nm thick Co-film was f~st deposited onto Si substrates at room temperature. After deposition, the pure Co-films were oxidized for 10 minutes in a plasma with oxygen pressure of 8 mTorr.
The samples were then covered with a 5 nm Au layer. Low-angle x-ray diffraction measurements reveal that this procedure produces a 3 nm thick CoO-film on top of the Cofilm. The AFM order in these CoO-films has been verified by the observation of the exchange-bias effect at low temperature after cooling the sample in a magnetic field [23) .
Magnetization measurements were performed using an extraction magnetometer (PPMS) allowing for quasi-static measurements with acquisition times of 5 seconds per point during which the magnetic field is held constant. Measurements with longer acquisition times show virtually identical results. In accordance with the observed existence of a critical point at T = 195~we have performed a scaling analysis of all data sets for T <195 K using an approach similar to the one described in [6] for the analysis of computational results. We do not have a direct experimental measure of the magnetic disorder and, therefore, cannot quantify it. However, the magnetic disorder itself is not a critical quantity in the temperature range of interest he~, which allows us to assume a linear relationship between disorder and temperature in the immediate vicinity of the critical point. Thus, we can replace the disorder as tuning parameter with the temperature in the scaling analysis. Under those provisions, the scaling relation can be written as magnetic system. Unfortunately, no reliable estimates for these exponents are available in the literature for the 2D case.~is similar to the value calculated for three dimensions, but @is significantly smaller than the 3D numerical value of 1.81 &0.32. Besides the different dimensionality, which could very well be responsible for this discrepancy, one also has to realize that our measurements were not done at zero or even low temperatures in contrast to all theoretical calculations. In addition, the experimental disorder is not known in detail and the possibility of local disorder correlations cannot be excluded. on the other hand, even our polycrystalline samples should fall into the Ising symmetry class, because the remanent 13.6&5.6 is actually remarkably close to the value 6 = 15 for the thermodynamic 2D Ising model. [1]
[2]
[3]
[4]
[5]
[6]
[7]
[8] 
